To clarify the contribution of cerebral amyloid angiopathy (CAA) to subarachnoid haemorrhage (SAH) in the elderly, relationships between SAH and CAA were investigated in 997 necropsy cases aged 60 years or older. Primary SAH (bleeding from subarachnoid vessels) was found in 15 cases (1-5%). There was no case in which primary SAH was clearly attributed to CAA. Secondary SAH [secondary rupture of intracerebral haemorrhage (ICH) through the cortex to the subarachnoid space] was found in 23 patients (2-3%). In 11 (48%) of them, ICH with secondary SAH was associated with CAA. The results indicated that primary SAH is rarely related to CAA, however, CAA is the most frequent cause of ICH accompanying secondary SAH in the elderly. (7 Neurol Neurosurg Psychiatry 1993;56:543-547) 
Subarachnoid haemorrhage (SAH) occurs when subarachnoid blood vessels are primary sources of bleeding ("primary SAH"), or when ICH secondarily ruptures through the cortex into the subarachnoid space ("secondary SAN').' About 13-22% of primary SAH arise without any known aetiology despite intensive investigations, ' Cerebral amyloid angiopathy (CAA) is cerebrovascular amyloid deposition found in the brains of the elderly and patients with dementia of Alzheimer type (DAT), and other disorders including hereditary cerebral haemorrhage with amyloidosis.-10 CAA is one of the causes of cerebrovascular disease (CVD) in elderly individuals and demented patients, including intracerebral haemorrhage (ICH) of subcortical or lobar type, multiple cortical cerebral infarctions, and leukoencephalopathy. '82 It is common in brains with CAA that subarachnoid leptomeningeal and cortical blood vessels are heavily infiltrated with amyloid. Meningeal haemosiderosis has been described in brains with CAA.9 Furthermore, CAArelated haemorrhage often occurs with meningeal signs, which indicates an association with SAH.15161819 In this report we investigated relationships between SAH and CAA to clarify the contribution of CAA to SAH in elderly individuals.
Primary SAH is rarely related to CAA, but CAA is the most frequent cause of secondary SAH developing from ICH in the elderly.
Subjects and methods
From 1000 consecutive necropsy cases in a large geriatric hospital, we investigated 997 cases aged 60 years or older (M/F = 369/628). Their ages ranged from 60 to 102 years with an average of 83 years. The geriatric hospital was established as an annex to old people's homes in which about 1000 people live. Most of the patients admitted to the hospital were from the homes. Approximately 30-40% of patients admitted to the hospital had dementia. These 997 patients were clinicopathologically investigated for SAH and ICH. In most of the patients, intracranial haemorrhages developed in the homes or in hospital. The brains with SAH or ICH were analysed for the presence of CAA. Formalinfixed, paraffin-embedded sections of cerebrum and cerebellum as shown in a previous study8 were stained with haematoxylin and eosin, Congo red, Kliiver-Barrera, Bodian, and Elastica-Masson stain. Congo red-positive material which shows green birefringence with polarised light was identified as amyloid. Degrees of CAA were classified as mild (affected in 1-3 of 10 vessels), moderate (4-7 of 10 vessels), and marked (8-10 of 10 vessels). To characterise the amyloid protein of CAA, brain sections from patients with CAA were stained with a polyclonal antibody to amyloid beta/A4 protein using immunoperoxidase procedures as previously described. were suffering from disseminated intrava lar coagulation (DIC). Brain sections of these patients with pr ry SAH were pathologically investigatec the presence of CAA. In one of 6 pat with a generalised bleeding disorder, CA moderate degree was observed. This pal with DIC, also showed bleeding in ( organs including the gastrointestinal t and the DIC was considered to be the n . : * $1fi t '.* .B. ¢. w -Elastica-Masson stain was rarely found mn the leptomeningeal vessels. Focal haemosiderosis and lymphocytic infiltration were occasionally found around the affected leptomenmngeal vessels (fig 2) . The obliterative changes of leptomemingeal vessels were frequently associated with contical infarctions. Contical small antenies in GAA brains frequently presented with ectatic changes or microaneurysmal dilatations and fibrinoid necrosis of vessel walls (fig 3) . The cortical vessels with necrotic walls frequently accompanied perivascular fresh microhaemorrhage or haemosiderosis with gliosis, indicating that such vascular changes could be the pathology underlying CAA-related ICH (fig 3) . CAA-associated vascular charges22 have been reported with cerebrovascular lesions;5 9 14 22 23 fibrinoid necrosis (degeneration) and microaneurysm formation of cortical vessels, which are similar to changes found in hypertensive patients, would be involved in the development of CAA-related ICH. Our observations that CAA was commonly associated with ICH of cerebral lobes or cerebellum, but not with primary SAH would be explained by the differences between leptomeningeal and cortical vascular changes in the CAA brains. The leptomeningeal vessels showed hyaline change of the vascular walls, but rarely accompanied by fibrinoid necrosis. In contrast, the cortical vessels frequently showed fibrinoid necrosis of the aneurysmally dilated vascular walls. Scarcity of fibrinoid necrosis in the subarachnoid leptomeningeal vessels may be the reason for the rarity of primary SAH in CAA. However, occasional haemosiderosis microscopically found around the meningeal vessels suggests a possible CAA-related microhaemorrhage in the subarachnoid space. The finding that CAA-related ICH was commonly associated with secondary SAH would be explained by the superficial location of CAArelated vascular pathology with fibrinoid necrosis and microaneurysm formations of the cortical arteries. It requires further investigation to elucidate pathogenesis of such CAA-associated vasculopathies and to establish significance of the vasculopathies for CAA-related CVD.
In conclusion, our studies have indicated that primary SAH in the elderly is rarely related to CAA. In contrast, CAA is the most frequent cause of ICH with secondary SAH in the elderly. The fact that CAA is commonly associated with ICH, but not with primary SAH could be related to the differences in CAA-associated vasculopathies in leptomeningeal and cortical vessels.
